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ABSTRACT: 

PROBLEM TO BE SOLVED: To Hf&st atieqaately execute the production md 
operation of a plisfit by p redfeting the meimteriane transfer parameter indicting the 
membrane performance of a reverse osmosis membrane from the actually measured 
value of the operation parameter of a re vers e osmosis membrane plant in accordance 
with the concentration polaiization eguBrti^ derived from a concentration polarization 
mode! and determining operating conditions in accordance with the predicted value. 

SOLUTION: In the reverse o smosis membrane (RO) plant, the solvent in a 

permeated material is permeated through the RO membrane by a pressure difference 
and the solute is permeated through the RO membrane by a concentration difference. 
In such a case, a mass transfer coefficient k is determined according to a mass transfer 
correlation equation (Sh=a.Reb.Scc) indicating the relation between a Sherwood 
number Sh, Reynolds number Re and Schmidt number Sc. The mass transfer 
coefficient k is substituted in the concentration polarization equation derived from the 
concentration polarization model in accordance with the material balance of the solute 
permeation, by which a membrane surface concentration Cm is determined. Next, the 
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memberane transfer parameter expressing the membrane performance of the reverse 
os mosis membrane is predicted from the actually measured value of the operation 
parameter of the re verse osm osis membrane plant and the operation conditions of the 
plant are determined from the predicted value. 
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siA^fTjgt^fS, Jar. if.mmm\zi:hJ'^^>^—?^' 

^■^xwm-fh. 

[ 0 0 5 6 ] 09 ii, Cc^<^|E^it(^fflv^fcS?«iSii^j 

Tft ■;/ >' > -/fFia^SifciD \ iT m« L /ofllTK^fi^S 7 

f j t i-C #E L:f^?S7k 5 1 a g X L- > Mr V jgjg:;^ 
t t 5j-Si t , ^ <?-Jill^* ^ 2 K i co*fcili:J] #E 
^tTEt#ELyii.co^2S@xu^>hfcfei,^T^ 

[ 0 0 5 7 ] 0 1 Oii, .hiBTfflV^/;;xy\M ^/UJgx^ 

2t\ zti(><r)mimm2^m^zm^ixfzmu^mm 
Atmztp^icnm'oizmm^mz^m^ii.. x^u 

y/mmmi^lX^^h. za)X/M y)vmM^<nmm 
[0058] mm^2{±mk^zjB&^ix^ 1 m 

<mu 2 a*icft^1f 1 ayrni 1 a ^^ffi-r^ J; 0 {z«45S 

etm^^fthx^j^ztc^xv^h. ^^mb\i^ 
sES5«4^siii-cv^^, i<r)^m:mmm.2i.zx^m 



xmummimfLrzmmtmii a.^m-^x^m 

l(ryMzim.^-ixhZti,zts:h. Lffimmt 2i{ix.V 

\^mim\t. ^<7^ttmmm-mA-^r=m^zmvx 
v^s=, ^cr)Tmx"rs-mLxmmi>zm£Lxv^hm>s:iw. 
%tszbi,zx^ m'&mm-^^ -^mmi & b ^ . 
[0059] i&.ucr)D^v^yh\±.,w.^mmp-i. 5 
w t % , jgffi:^^?!)^ 5 . s w t xRi/jKTkmn 5 . 

5-7. 0MPafcV^3^frT'a*^;$^^. 2m 
cojiU^yhXc^Mriiim. mmAim&^i^V^myi^E^ 
i±5. Swt%, 8. Swt%^^J;t>'S. 5-10. 0 
MPaiit?:;, zcrimz^ 2a@c7)x^;<y hT'filg 

(^x\ ^<7imtiiXx/iBm.^mzimmn<7)m^^i> 

[ 0 0 6 0 J tmmsK^mimrcobis o -c^s . t 
•r. mafcj:y^2gioxu^yNio«!|g^ (M* 

(jt*«, m^JlK) mz. i?x^^y 

Wrn/^A (ll7£'JSJ^7n'~t'^tJ5) 5rffll>T^tO 
X, ZiiC:,aMli'MLp . Pizm-^^. 'y = .t]y->-B 

>ra^-7Atcj: 0, ±Siic^)ryyhvtmmmzmi 
ryyy-mi^^ift m-m^^f^Txcoryy \-jtm 
iniULfz. 

[006 1 ] l^BtiXl^2&E<DX.l^;iyh(D^tli' 

tiizm txry yhm(nmmm t Mmmt co^ts^ 

v-i^il. SM(2 5* C) mr/mHO- OCT) 

[0 06 2] HI 2&t^'lll 3^#M-ri>i;, iSgiO 

xu^ y h c^3t.*sfe J; z/mmim^izm t . m^miz 
tt^x^wMmii. wmiiXi/^m<oMifi,zij\,-^x^ 

2S@ioxu>t>h{c'?t^Ti,*%ti;fr^<?^faj 

mm^\<^ztifimL^tLtz. ot. m9iz7puzmi 
r^yh<r>m&^m^'i'izwz'f~9cr,mi^^i:^m 

ifrnzhti-yXmitz. mzWtmLfzziy\:::^—^r 

ai^yj^^m^^x. f-^^mmixmw^y^-^ 
hp7kx/pi:Wz, zcofmizm^ritzM^T-^ im 

is^Lpt5j:yptfon-S{ci^viT. mi&ymm^^ u 

33t. 7ki?)«ftti3J;ifM^tt«^S^!i*^2 5" ct-^t) 
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tcLmm&w>^i. P ioxx/m'sm&m p ^ 2 5 ° c t 

[0064] T^{C*t-J; 0 iZ. m^mMLpii. 

v\ tfz. m^mmmpii; 25- ct'<?jMP25t2 

5' Ct'<7)fett^&7725h*fe,mS (273. 1 5 + 

b<r)mx'mit:i^c^Azmu\ 

[00 6 5] Lp = Lp25- 7725 - a/v 
P = P25-?;25- (273. 1 5+T) ■ 0/?} • 27 
3. 1 5 

miryyhTm^^f::Romz->\^x\i. iJr^T^^n 

[0066] 

«-exp [0. 0 114 (T~25) ] 
/S^exp [0. 0299 (T-25) ] 

132 oaix02 1 izni^x. m^m§^r-:jtixmim^ 

[0067] ^cr^mz, *'?ii*-ffi-ti^x{f, nmr^p 

tfz. m^mm^n-rx:<omim^izmmw-<y 
j(~i'(r>^it^m.m^mx'hi>. -et-c. mm:^mm 
m^^n^^ttixr^fz, tfz. smijE^ssffl-ts< 

& ^ fc tf^Rhi!}Hz^j: 0 , m%mX'cn^X N^-HSIA' 

[0068] ^i^jLp, Ptc^oxr^yhtttg 
mmzxhRomryyv ^m\mx'mm:^ v^y 

fflL-CS:aiL^cSS^jp-t. i^iSffm-JJl 0, 0 0 

^SSt. ffi*&ff^I^6. 4MPai:L. M^^i^il^^ 

3 5, OOOppatUc. 

[0 0 69] ia2 2{i:. S*I1]JR^4 0%*5 j:tX5 0% 

^i^^t. 02 2iiJ;tJ^2 3tt3. 10-30' C<^ffi 
ffl^Wh^WISJT^^, ^2 2fej;tXH2 3*'^,i^ 

4 0%*^^>50%^±tf|>fc. B^^xP;^>-h:fcS;*:ti 



[0070] 024fcj:t/^25ti, 2gjgtJ:I.T9 

yv<n'mm<zr>^.^x<r>wmm:7v^'f. ^(nm\mz 

«iilgiJ£r^>hiO%^t^«T*$5&i. iSSfcJ: 
I/2a@xl.'_>tyMc^^^ffi:^]5;6. 4MPai3 
11X8. SMPatLA^, m2Aii^im2 5ii. iC* 
HUR^ 6 0 %t'cO IIS ix^^ > h ±1/ 2 S5SX 

(TOTAL) \zmhU^!^m.hfk^^v^yYW., 
^mdm^kom^^m-t . ^ff)yyyb-h. 2mi 

ryyh^mA^]s\BM50?4tUz\m^X^{.mij^ 
[ 0 0 7 1 ] 112 6<±, ji*SAi5 0 , 0 0 0m3/day 

X't^-owiT^mmifie oxx'hh 2&mry y h toi, ^ 
TiS*iijgio° 2 0' cjai/3 0" cto-eii-t'^i 

. 1 OTtWJ^itti , r^yV^W. 

^mm 6 0 %T'ais uzm-^^z t ^ ^r_;i.9fai{i± t 

t£\^t^t^iiht<. %^zWi.mn^'ft^fzrvyhT 

Ji. 10-3 0' CtomSr^j-ffiA^g:;'; 1 . 0 7T'fc 0 , 
[ 0 0 7 2] mm 1 atfm2^Sfif5.^T'ii;. *^flflS: 

* ft: 7' >■ b kz h \^i-.m^mMm L p ^jgjf a 

fS^ P ^- h'^ i-riitciSffl Ltz^-^iznx rc ± (cfKi?! Lfc 

if. ^'wm, wmmy-jyv^zavrhm^cnmrn^ 
f<y;<~f^^ryyvmmM(')i-m^zmm^mx-h 
0, m.-ryyv<r)imfm^yyyhmmzmm^m 
X'hh. 

[00733 

m^i'f\^t-(:>miii^iihm&m.^i,z^^\^x. mim 

m7'yyh<r)Mmmi:mm.^^y^~fcr,^mm^/^ 

f,^imm<^m^m ^ m-rmm^ - ^ ^Tm s 

:<-^fj'^:>iSimmryyh(^M^J^y->i~^'tf'mt 

h(r)X\ m\&'jt%mm-^w^xmmm.<r)imj-^y^ 
-^'^mmryy h(f^m^j-^y:^-9^jm^zrm 
f m.ryyv'^mi^^<nryyHziif,ihmm 
m.crym'm'^yy y v mmm^iEmz^mx-^ h , t 

fz, ^WMX'l±. Z(r>m^j:mm^'^y:^~:^'^ryyh 

m&^^y;<~9<7yfmmzm'^^^xmm^ryyh(7) 
«iK*fr^Si6§c?)t\ m^mryyhi^mm'^m; 
^m&tzmmT^i, mz. *%Bm. m&-i^miomm 
t<i^^Ki:M7iQmit, ^j:i^x'i,^mmMm^no 2m 
mtct'c^^^mu^^w-i^^t^iz^w^mx-h^, -r^rh 

^. ^WMimm^iil^ryyhTli.. Tyyhm 

tfzt^ximmm^cnm^'i-'citLizf^'^x xir-)i,^ 
mm^mumzmLi^ik^m^m^i^m^iit^h^t^ 
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mmx.\^>(yY{zi5\\x\t. mmifim-X'h'o. * 
mn^z Si'^xwmziEm:r^^^-9^m-ifi''^mxh 

5. tfz. ifmM^^^ixhryyvmMX'\i. jt* 

^m\(r^mwmryyHi. ^c^mmzmLxm^jf 
^m'^m^zKm^ith ^ b ;5^^>mg^?or 5 > h ttig 
mttch<^^zti:t. ttz. :^%mizmmmmmi. 

V7h^JiT^a y t A- ^'SaUTOzieit Lfc t COT 

v^mizm's.X'hi. 

mi ] mmmMmn'^tmxhi.. 

mE:h&AP eiiXmmK^Tt {Cm) -n (C 

p) i^mx-hh. 

"Cp ) ^9r^tmX'f)l, 

im4] :^m(rM I ^tmm^zj^i,mimi^ry > f 
lagxi^^ y Hz^mmmmi^zaifmmm 

^■f^'^yyX'hh, 

m 6 J ifmm2wmmizitmimmry y v 

<nm&. w^-m^mM-thti)hkzm\^htiiy^^v 
- y g y^- -v h (nmmmmm xx/ryyvmi 

[ H 7 1 H 6 fc^ I. S ^ U - 3 y JL - y h t J: 0 ^ 

ms] m6mhi^i^u~iy3y:i.~yh<D^mm 
m^i:7F-iimrnymx'h^. 
m9]:^WM(^M2mmmiziimmmryyh 
cowt. jmcmmm-rifzi^com.mkizm^^fzm 
mryyy-iriwmmx'h^. 

[Hi 0] m9commTyyh(OJi]yj(yh^)—^XIiX 

mmx'hi, 

mi i]mio<oxi-ximziiioSimmx'hh, 
[01 2] m9^z?pLfzmmryyhff)im^i-^y 

mzx^^^-^bimix-^-ti^yyx-h^, 
[013] im:t^iy^yhcomm^mmmmmt» 



mt<^ykm.-^mm^zxi'^m[^tmbx^ 
-t^yyx'hi>. 

mi 4] 2m:i^u?(yh<7)&7iiSLcomimtMiiim 
t<^)^mi^trmcr)mmi,zx^^^^-^timLx 

^-fifyyX'hh. 

[HI 5] 2m:>^i^^yhm.'^m^<nmmmh% 

\i^mh(y>i^W]^ist%^mz^h-mM-^b\mLX^^ 
-fi^yyX'hh. 

[016] m9i.zw^LtzmLryyv(^mt^Mmzii 

^'fh^^'^o^^m^^^-tyyyXh h , 

[HIT] fMwmmzmhm^'iL-nm'^mYA^-. 

-fyyyxhh. 

[HIS] mi^m^.^zmhm&^mm'^'mL^ 

^FTf^'yyX'hh. 

[019] ^m^im.'<zmhmmm.ffymsm.i: 
^-fyyy-chh, 

[112 0] fi»IISaiST-^'<7>ft¥fft=J:r>T^if)!t^«E 

[02 1 ] mmmmT'~9<r)mT{zi-oxi^'^fzmw 

[112 2] imc7'yyv{zmLxmAmw.^A0%n 
i.t^5 0%{zmhmA(.iE,&tnW:X.Vy<yh9itcM 

[02 3] mr'yy ]- i,zmhmy^i^\SLtw&y^m^^ 

m2A \ 2&mTyy hcr)im^^l/2mJ:.U^ 
y h l,zmfi,mAQ&M t flirSx U^yhb <?)|gf|{c-ou 

x<7yfmm7Fi-i^yyx'h6 , 

[02 5] 2mryyh{z}5i-fimymmbmymm 

m b m^iz-:>\. -^Xi^mm^^ir^-ti^y 7 t'*>l. . 
[02 6] J?ii£?)2®j£7'7yhtfc(tSiRS*ffih;^^ 

[flr^cOi^Hfl] 

10 ^ 5 j^tx-i^H y:3.-7 h 

1 1 ts.iggs 

12,13 mmm^m^Mmm 
14, 16. 18 m'^m 

17 ^lljfWaSlfffigE 

19 mn-iE^ 

2 0 ms^N"5;<-^'aj;bi! 

cf mm^ 

Cm l^iftg 

Cp (^ji/KM) 

D mwihmm 

Js f^ssja^ 
k mw^im 
Lp jfssEii^am 
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7ny 

iWnm^ *il m F^-M^) 4D006 CA03 HA61JA51A JB20 

^m±»r1jSLijlTSl#l^ KA14 KA52 KA53 KA54 KA56 

S^a]^S*ll?^f*J KA61 KA63 KA67 KA90 KE02P 

KE03P KE04P KE07P KE12P 
KE13P KEUP KE16P KE30P 
KE30Q MA03 MA06 HC48X 
MC56X MC62X PAOl PB03 



